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Abstract.  The  research  performed  extended  our  understanding  of  the  visual  and  cognitive 
process  controlling  saccadic  and  smooth  eye  movements,  and  the  .  le  of  these  eye  movements 
in  visual  information  acquisition.  Experiments  showed  that:  (1)  '<accades  are  biased  toward 
likely  locations  of  targets,  suggesting  that  previous  reports  of  'center-of-gravity' 
reflexes  are  actually  due  to  search  or  attentional  strategies;  (2)  saccades  can  be  directed 
to  spatially-extended  targets  with  an  accuracy  and  precision  as  good  as  those  found  for 
single  point  targets;  (3)  predictive  smooth  eye  movements  are  caused  by  cognitive 
expectations  about  future  path  of  target  motion,  not  by  learned  oculomotor  habits;  (4)  slow 
control  is  not  sensitive  to  position  error;  (5)  smooth  eye  movements  are  sensitive  to  the 
expected  direction  of  future  target  motion;  (6)  strategies  of  scanning  the  boundaries  of 
difficult  texture  patterns  are  more  effective  than  strategies  of  scanning  the  symmetric 
axis;  (7)  normal  reading  is  carried  out  by  a  coordinated  pattern  of  eye  movements  and  head 
movements. 

Summary  of  progress 

1.  He  and  Kowler  (1989)  demonstrated  effects  of  location  probability  on  seccades. 
This  paper  challenges  previous  ideas  that  tendencies  to  make  saccades  to  the  conter  of  a 
stimulus  configuration,  containing  a  target  as  well  as  irrelevant  background  stimuli, 
represent  automatic  sensorimotor  averaging  reponses.  We  found  that  the  so-called 
"centering"  or  "averaging"  saccades  occur  only  when  subjects  are  uncertain  about  where  the 
target  is  located.  Centering  responses,  therefore,  represent  visual  search  strategies 
rather  than  oculomotor  reflexes.  We  reject  models  of  saccadic  control  featuring  parallel 
subsystems  (one  voluntary,  another  reflexive)  in  favor  of  a  serial  model  in  which  a 
selection  stage  is  followed  by  automatic  computation  of  the  saccadic  command  to  bring  the 
line  of  sight  into  the  selected  (attended)  spatial  region.  The  serial  model  (unlike  the 
parallel  models)  guarantees  that  the  line  of  sight  will  be  directed  to  regions  of  interest 
rather  than  being  drawn  to  large  or  intense  (but  nevertheless  unimportant)  areas  in  the 
visual  field. 

2.  He  and  Kowler  (submitted  ms),  following  up  the  experiments  described  above, 
studied  the  ability  of  subjects  to  direct  saccades  to  designated  locations  within  eccentric 
forms.  Surprisingly,  this  situation  has  not  been  studied  before,  with  investigators 
preferring  unnatural  targets,  such  as  points  or  crosshairs,  where  the  desired  endpoint  of 
the  saccade  is  clearly  marked.  We  found  that  subjects  can  direct  saccades  accurately  and 
precisely  to  locations  within  forms.  Saccades  directed  to  the  "whole  form"  tend  to  land 
near  the  center.  The  results,  which  show  that  the  line  of  sight  lands  in  the  center  of  the 
selected  target  region,  are  consistent  with  the  2-stage  serial  model  described  above. 

3.  Kowler  (1989)  showed  that  anticipatory  smooth  eye  movements  are  genuine  responses 
to  cognitive  expectations  about  the  direction  of  future  target  motion  rather  than  automatic 
tendencies  to  repeat  previous  pursuit  responses.  (Most  existing  models  of  predictive 
tracking  are  baaed  on  the  latter  assumption.)  This  result  implies  that  central 
representations  of  expected  target  motion  are  as  powerful  an  input  to  pursuit  as  "real" 

(i.e.,  sensory)  motion  signals. 

4.  Kowler  et  al.  (1990)  studied  movements  of  the  hoad  and  eye  during  reading  and 
during  visual  scanning.  We  found  that:  (a)  during  reading  subjects  make  idiosyncratic, 
coordinated  patterns  of  head  and  eye  movement,  including  unusual  features  such  as  epioodeg 
of  head  and  eye  moving  in  opposite  directions;  (b)  eye  rotations  compensate  well  for  head 
rotations  and  translations,  leaving  residual  image  velocities  comparable  to  those  obeorvered 
on  the  biteboard  (n.b.,  image  velocities  are  large  enough  to  move  the  image  at  least  cn# 


letter  apace  during  a  reading  paueei  How  do  we  aee  in  tha  pretence  of  such  smear?);  (c) 
■accado  rates  art  fastotr  with  fra*  rathar  than  fixed  hoada  and  faatar  during  reading  than 
during  visual  scannings  (d)  subjects  hav*  difficulty  programming  simultaneous  head  and  aya 
movamanta  with  different  spatial  and  temporal  patterns.  All  these  results  suggest  the 
existence  of  a  common/  central  programmer  for  head  and  aya  movements,  whose  activities  are 
tied  to  the  ongoing  visual  and  cognitive  demands  of  the  task,  and  whose  praoiee 
characteristics  have  yet  to  be  determined, 

6.  Kowler  at  al,  (1989)  demonstrated  effecte  of  expected  duration  on  smooth  pursuit, 
namely,  smooth  rssponses  barely  gat  off  the  ground  unlese  subjects  expect  the  target  motion 
to  continuo.  There  was  also  evidence  that  velocity  and  acceleration  saturation,  usually 
taken  to  be  characteristics  of  the  sensory  mechanisms  that  launch  the  pursuit  responses,  ere 
assn  only  with  randomised  target  motions,  and,  therefore,  are  not  true  ayatem  limitations  at 
all.  Further  experiments  are  in  progress  to  nail  down  this  assertion. 

6.  He  (1990)  studied  the  role  of  saccadic  eye  movements  in  texture  perception  to 
find  out  which  saccadic  pattern,  scanning  of  boundaries  or  scanning  of  the  symmetric  axis, 
ia  most  effective.  He  compared  the  effects  of  various  types  of  scan  patterns,  including  use 
of  no  aaecadee  whatsoever,  in  both  size  and  shape  a 1 scriminatlon  tasks.  He  found  that 
sacoadeo  were  necessary  for  detecting  the  boundary  bstwaen  regiona  containing  different 
types  of  texture  elements,  but  were  not  needed  to  perceive  the  site  or  shape  of  texture 
patterns  containing  easily  diet rittiinabl*  elements,  Hetlnal  image  transients,  created  by 
flickering  or  jumping  the  dlsplty,  also  helped  in  finding  the  boundary,  but  were  not  as 
effective  an  natural  saccadee.  Scanning  along  the  symmetric  axle  or  scanning  randomly 
chonen  locations  was  ineffsotlve.  Boundary-scanning  was  the  most  effective  pattern,  but, 
surprisingly,  perceptual  performance  was  never  as  good  as  it  was  with  easily  dlsorimlneble 
texture  elements.  Th estte  results  imply  that  saccades  helped  perceive  the  else  end  shape  of 
the  texture  pattern  by  facilitating  a  strategy  of  searching  for  and  counting  elements;  they 
did  not  serve  to  provide  separate  glimpses  that  would  later  be  integrated  into  a 
representation  of  the  pattern  as  a  whole. 

7.  Kowler  at  al.  (1989)  found  In'  .flow  eye  movement*  keep  the  line  of  sight  very 
stable  with  eingl#  point  targets  at  eccer. v  rcities  out  to  at  least  L  dug.  with  such 
target*,  in  contrast  to  the  dl.ace  and  v«rid'.is  other  -  or  4 “point  target*  studied  In  the 
post,  it  is  difficult  to  choose  subjective  reference  point.*  that  might  serve  as  targets  for 
a  position-sensitive  system,  The  simplest  explanation  is  that  slow  control  serves  to  keep 
images  stable,  not  to  bring  image*  to  desired  I  oust  ions. 

8.  In  progress  is  «  study  to  determine  the  linke  between  ssucadio  eye  movements  and 
visual  attention  in  an  attempt  to  understand  the  nature  of  the  target  selection  process  that 
precedes  the  construction  a  saccadic  programs  ,'aas  #1  above).  In  particular,  we  ere 
interested  in  whether  eaccades  are  automatic*1 , y  drawn  to  the  center  of  a  relative  large 
attended  region  or  whether  attention  to  the  per'. A##  endpoint  of  the  sscoed*  ie  required, 

Th#  first  outcome  nuggests  a  low-level  spatial  poling  process  computes  the  saccadic  \ 

endpoint  based  on  attened  information;  the  second  suggests  the  endpoint  is  determined  by  V 
hlgher-Jevel  ettentlonel  allocation.  We  ere  also  Interested  An  whether  any  independent  J 

control  of  saccadic  endpoints  is  possible  without  changing  the  distribution  of  attention  | 
(i.o. ,  separate  perceptual  end  motor  "attentions"  )• 
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multiple  fiubnystem  approach,  the  outputs  of  these  subsystems  are  not  explicitly  integrated., 
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Oculomotor  performance  is  determined  instead  by  whichever  sensory  signal  momentarily 
dominates  (e.g.,  at  low  frequencies  of  oscillation  of  a  subject,  the  visual  pursuit 
subsystem  is  believed  to  dominate  the  vestibular;  the  domination  reverses  at  high 
frequencies).  Our  2  subsystem  approach  holds  that  various  sensory  cues  are  integrated  at  a 
relatively  high  level  in  order  to  produce  a  single  representation  of  target  position  in  3-D 
space  which  servos  to  guide  either  smooth  or  saccadic  movements  of  the  eye.  A  contract  with 
Sinauer  to  write  this  book  has  been  obtained. 
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